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An unusual case is presented in which a circus movement 
tachycardia incorporating an accessory pathway with 
long retrograde conduction time was transiently en•
trained. Overdrive high right atrial stimulation produced 
entrainment without atrial fusion since collision of antero•
grade and retrograde impulses took place within the 
accessory pathway. Tachycardia termination occurred 
when, at a faster pacing rate, an atrial impulse that 
collided in the accessory pathway was blocked at the 
atrioventricular (A V) node. In contrast, the entrainment 
seen during right ventricular apical stimulation was 
characterized by the occurrence of both fusion and col•
lision within the ventricles. The tachycardia was ter-
Previous studies (1-3) have suggested that transient entrain•
ment of circus movement tachycardia constituted an excel•
lent model for the identification and understanding of reen•
trant arrhythmias, These reports discussed the effects that 
overdrive high right atrial and coronary sinus pacing had 
on reentrant tachycardias during which ventriculoatrial con•
duction took place through an ordinary, rapidly conducting 
accessory pathway of the Kent bundle type, In contrast, the 
present report deals with heretofore undescribed phenomena 
noted when overdrive ventricular and atrial stimulation were 
performed during a circus movement tachycardia in which 
retrograde conduction occurred by way of an accessory path•
way with long retrograde conduction times (4-9), 
Case Report 
A 39 year old woman who had no evidence of organic 
heart disease and who had had recurrent supraventricular 
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minated when a pure paced impulse that collided in the 
normal pathway was blocked in a retrograde direction 
in the accessory pathway. 
These data indicate that: I) transient entrainment of 
this arrhythmia (circus movement tachycardia) can be 
identified by the classical criteria used to diagnose it, 
provided that fusion and collision occur within the ven•
tricles; and 2) the accessory pathway is the weak link 
for tachycardia termination only during ventricular pac•
ing since the A V node is the weak link during atrial 
stimulation. 
(J Am Coli CardioI1985;6:1431-7) 
tachycardia for 12 years was referred for electrophysiologic 
evaluation, After informed consent was obtained, the studies 
were performed according to the technique described pre•
viously (3,4,10), 
Findings during sinus rhythm. The 12 lead electro•
cardiogram showed an "incomplete" right bundle branch 
block pattern (rSr' complex in lead Y I) and borderline left 
axis deviation (- 20°), The PR, AH and HY intervals, as 
well as QRS duration, were within normal limits (150, 85, 
45 and 90 ms, respectively) (Fig, I, left panel), 
Mode of initiation and characteristics of the tachy•
cardia. The arrhythmia (whose cycle length varied between 
425 and 445 ms throughout the study) was consistently 
induced by ventricular pacing with the extrastimulus tech•
nique when the decreasing Y I Y 2 intervals reached a critical 
value of 345 ms (Fig. I, right panel). During the tachy•
cardia: 1) the PR intervals were shorter than the RP intervals; 
2) the P waves were negative in leads II, III and aYF, as 
well as diphasic in lead I; and 3) retrograde atrial activation 
showed a proximal coronary sinus to septal right atrial 
sequence. 
The occurrence of ventriculoatrial conduction through an 
accessory pathway with long conduction times was deter•
mined by pre-excitation of the atria by ventricular stimuli 
delivered slightly after, or coincidentally with, the oncom-
1432 CASTELLANOS ET AL. 
ENTRAINMENT OF TACHYCARDIA WITH LONG RP INTERVAL 
I~ 
JACC Vol. 6, No.6 
December 1985:1431-7 
II -A.J.........I\.). __ 
HI~~~ -+'jioiAN~~riJ/""'~iI/""'--""I HBE~,~ j~ M~\H.! ~ ~~~ 
Des ~;~~11_0~:1 __ ~ 1~111_0~:1~ 1 .. 3_00~ ____ ~ ____ ~~ __ ~~ __ ~ ___ 
PCS JJ JJ-J,........ .+"~"':~~ ___ ... !n",,-ij\~"'''I .. ;_ .. A,,,~ __ --oiIjAtr-,.·;-oiIjAlr-..... ....,A~r-........ A~ 
1000 MS 
Figure 1. Sinus rhythm (left panel) and initiation of circus move•
ment tachycardia incorporating an accessory pathway with long 
conduction times (right panel). The latter was initiated by ven•
tricular pacing with the extrastimulus method, A and H represent 
atrial and His bundle electrograms, respectively. From top to 
bottom are: electrocardiographic leads I, II and III; high right 
atrial (HRA) electrogram: His (H) bundle electrogram (HBE); dis•
tal coronary sinus (DeS) electrogram and proximal coronary sinus 
(peS) electrogram. Numbers on top represent RR intervals. Num•
bers above or below the HBE lead represent AH intervals (left 
panel) and ventriculoatrial intervals (right panel). In this and all 
other figures, values are expressed in milliseconds (ms). 
Figure 2. Entrainment during overdrive stimulation from the right 
ventricular apex at a cycle length of 405 ms. F represents ventric•
ular fusion beats. In both panels (showing continuous recordings), 
numbers below lead II represent paced cycle lengths. Numbers 
below lead III represent intervals between high right atrial-high 
right atrial and septal right atrial-septal right atrial electrograms. 
Numbers below the His bundle electrogram (HBE) lead rep•
resent intervals between consecutive His (H) bundle electrograms 
and between consecutive ventricular (V) electrograms. S = 
stimuli. 
I 
ing anterograde His bundle electrogram (Fig. 2 to 4), as 
well as by termination of the arrhythmia by ventricular com•
plexes that did not result in retrograde depolarization of the 
His bundle or atria (Fig. 5). 
Entrainment during right ventricular apical pac•
ing. In Figure 2, the tachycardia cycle length was 425 ms 
(rate 142 beats/min). All but the first stimuli, delivered at 
a cycle length of 405 ms (rate 148 beats/min), appeared 
immediately after the inscription of the anterograde His 
bundle electrograms. Entrainment was present because: I) 
the cycle length of the electrograms recorded, namely, high 
right atrial-high right atrial, septal right atrial-septal right 
atrial, HH and VV (ventricular electrograms in the high 
right atrial and His bundle electrographic leads) intervals, 
equaled the paced cycle length; 2) all stimuli produced fu•
sion QRS complexes as a result of the intraventricular col•
lision between the impulse propagating from the paced right 
ventricular site and the impulse emerging from the fascicles 
of the bundle branches; 3) the last entrained (ventricular) 
beat was not fused and occurred at the paced cycle length; 
and 4) the tachycardia resumed on the cessation of stimu•
lation because the impulse emerging from the fascicles of 
the bundle branches, after activating the previously men•
tioned ventricular recording sites, did not meet any paced 
Figure 3. Diagram depicting reentrant circuit and entrainment of 
circus movement tachycardia during overdrive right ventricular 
pacing. AP = accessory pathway with long conduction time (in•
dicated by serpentine lines); A VN = atrioventricular node; H = 
His bundle; LS = last stimulus; L T = last tachycardia impulse; 
Sl and S2 = impulses profuced by first and second stimuli, re•
spectively. Band e, Fusion, collision; D, no fusion, no collision. 
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Figure 4. Entrainment during overdrive stimulation from the right 
ventricular apex at a cycle length of 390 ms. Note that stimulated 
beats show a greater degree of fusion than those in Figure 2. Both 
panels are continuous. Numbers as in Figure 2. Abbreviations as 
before. 
impulse with which to collide and thus was able to activate 
the ventricles in a normal fashion (explaining the nonfusion 
II 
III 
CASTELLANOS ET AL. 1433 
ENTRAINMENT OF TACHYCARDIA WITH LONG RP INTERVAL 
of the last entrained beat) to thereafter reinitiate the tachy•
cardia (1-3,\\). 
The mechanisms proposed to explain entrainment are 
presented in Figure 3. Panel A shows that during tachy•
cardia, the impulse propagates in anterograde manner through 
the normal (A VN-H) pathway and in retrograde manner by 
way of the slowly conducting accessory pathway. In Panel 
B, the impulse initiated by the first stimulus (Sil collides 
within the ventricles with the last tachycardia impulse, pro•
ducing a fusion beat and, in effect, transiently interrupting 
the original tachycardia. The S I also retrogradely traverses 
the slowly conducting accessory pathway to reach the atria 
in an attempt to reinitiate the tachycardia. In Panel C, SI 
has reached the ventricles through the normal pathway and 
collides in the ventricles with S2, the impulse produced by 
the second stimulus. This sequence of events continues until 
the impulse produced by the last stimulus, after reaching 
the atria retrogradely and penetrating the atrioventricular 
(A V) node and His bundle anterogradely, arrives at the 
ventricles where it finds no paced impulse with which to 
collide. This last impulse can thus reenter the slowly con•
ducting accessory pathway in a retrograde direction, effec•
tively leading to the resumption of tachycardia at the mo•
ment that the sites beyond which collision took place were 
activated. 
Entrainment also occurred in Figure 4 when the pacing 
cycle length was shorter and the stimuli occurred during 
successive anterograde His bundle electrograms. It should 
be noted that the stimulated QRS complexes showed a greater 
degree of fusion. Progressive fusion with increasing pacing 
rates is another criterion of entrainment (1,11-13). 
Tachycardia termination by ventricular stimuli. This 
is shown in Figure 5, in which the pacing cycle length was 
shorter (350 ms) than that in Figures 2 and 4. The first 
stimulus, occurring toward the end of the preceding antero•
grade septal right atrial electrogram, produced a pure paced 
QRS complex. The corresponding impUlse, which therefore 
did not collide in the ventricles but in the normal pathway, 
Figure 5. Tachycardia termination occurring when 
an impulse from the ventricles was unable to tra•
verse the accessory pathway in a retrograde di•
rection. Abbreviations as before. 
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also was conducted to the atria through the accessory path•
way. The second impulse, which collided with the returning 
impulse produced by S I in the normal pathway, reached the 
accessory pathway when the latter was effectively refrac•
tory, thus being unable to traverse it. This effectively ter•
minated (prevented the resumption on the abrupt cessation 
of pacing) the tachycardia. 
Entrainment during high right atrial stimulation. In 
Figure 6, the tachycardia and paced cycle lengths were 445 
and 400 ms, respectively. Whereas SI> S2 and S3 failed to 
enter the circuit, S4 was able to entrain the tachycardia. 
Entrainment occurred without atrial fusion since all atrial 
recording sites were activated anterogradely from the paced 
site (1,3). As expected, the intervals between consecutive 
high right atrial-high right atrial, septal right atrial-septal 
right atrial, proximal coronary sinus-proximal coronary si•
nus, distal coronary sinus-distal coronary sinus, HH and VV 
electrograms equaled the paced cycle length. In addition, 
the tachycardia resumed at its basic cycle length on the 
cessation of pacing. This occurred because the last paced 
anterograde impulse, which collided in the accessory path•
way with the oncoming retrograde impu~se, activated the 
ventricles through the normal A V pathway and penetrated 
the accessory pathway in a retrograde direction. Since this 
lACC Vol. 6, No.6 
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impulse encountered no anterograde impulse within the ac•
cessory pathway with which to collide, it was able to reach 
the atria to reinitiate the tachycardia. Because, conceptually, 
the last entrained beat was the ventricular complex produced 
by this last paced impulse, the intervals between the last 
paced anterograde atrial electrograms and the first retrograde 
atrial electro grams were longer than the paced cycle length 
(1). 
Tachycardia termination by atrial stimulation. In 
Figure 7, in which the paced cycle length (320 ms) was 
shorter than that in Figure 6 (400 ms), S4 was the first 
stimulus that captured the atria and was able to enter the 
circuit. Apparently it penetrated the accessory pathway in 
an anterograde direction, where it collided with the impulse 
which, after the inscription of the third ventricular complex, 
had penetrated the structure in a retrograde direction. In 
addition, S4 entered and traversed the A V node with an AH 
interval longer than that of the tachycardia. Thereafter, S5 
collided in the accessory pathway, but was conducted through 
the A V node with a longer AH as a result of the onset of 
a Wenckebach period. Finally, S6 terminated the tachycar•
dia. This occurred because S6, which also collided in the 
accessory pathway, was blocked in the A V node. Because 
it was unable to reach the ventricles there was no impulse 
Figure 6. Entrainment during overdrive stimulation 
from the high right atrium. Both panels are continuous. 
Numbers as in Figures 2 and 4. Abbreviations as be•
fore. 
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Figure 7. Tachycardia tennination occurring when 
an atrial impulse was blocked in an anterograde di-
rection (at the end ofa 3:2 Wenckebach period) within HBE 
the atrioventricular node. Abbreviations as before. 
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capable of penetrating the accessory pathway in a retrograde 
direction to reinitiate the tachycardia, as had occurred after 
the cessation of pacing in Figure 5. 
Discussion 
Types of entrainment. The tenn entrainment was first 
used to describe what occurs to a variety of nonreentrant 
biologic and biochemical rhythms (14-20). In fact, studies 
(17) dealing with the effects of periodic stimuli on neural 
and cardiac oscillators have shown that an intrinsic rhythm 
may become entrained (or phase-locked) to the periodic 
stimulus. For these reasons, JaHfe and Moe (16) as well as 
other investigators (20) considered that an automatic pro•
tected (parasystolic) rhythm could indeed be entrained by 
external stimuli. 
However, the tenn entrainment has been used by those 
perfonning electrophysiologic studies in reference to some 
effects that overdrive pacing has when initiated during reen•
trant tachycardias (1-3,10-13,21-24). Although entrain•
ment of different types (atrial, A V nodal, AV and ventric•
ular) of tachycardias has been discussed (I), the mechanisms 
of this phenomenon are best understood when the underlying 
arrhythmia is a circus movement tachyc~dia incorporating 
the usual variety of (that is, a rapidly conducting) accessory 
pathway. 
Entrainment during high right atrial pacing. During 
atrial stimulation from a site located outside the circuit (such 
as the high right atrium), entrainment of circus movement 
tachycardia using an accessory pathway with short retro•
grade conduction time usually occurs with collision within 
the atria (1-3). However, in our case, the phenomenon 
under consideration was seen without collision within the 
atria (Fig. 6). This was not due to "pacing inside the reen-
trant circuit" (II); rather, it reflected the characteristics of 
one of the essential components of the reentrant circuit, 
namely, the accessory pathway. Apparently, the prolonged 
intervals required by anterograde atrial and retrograde ven•
tricular impulses to propagate through this structure pro•
vided the long period of time during which the impulses 
could collide within the accessory pathway. Despite the 
absence of atrial fusion, entrainment could be demonstrated 
because: I) the cycle lengths of all electrograms equaled 
the paced cycle length; 2) the last entrained beat occurred 
at the paced cycle length; 3) the interval between the last 
paced anterograde atrial impulses and the first retrograde 
atrial impulses of the tachycardia was longer than the paced 
cycle length; 4) the tachycardia resumed on cessation of 
pacing; and 5) the mode of tachycardia tennination was 
similar to that of the usual type of circus movement tachy•
cardia in that block occurred within the A V pathway used 
to reach the chamber (ventricle) distal to the chamber (atrium) 
being paced (Fig. 7) (1-3, II). 
Entrainment during right ventricular apical pac•
ing. The criteria used to diagnose, and the mechanisms 
implied in the genesis of, entrainment in Figures 2 to 4 were 
extrapolated from our understanding of what occurred when 
the phenomenon under consideration was produced by high 
right atrial stimulation in the usual variety of circus move•
ment tachycardia (1,3,25,26). Yet in contrast to the events 
depicted in Figure 6, in which atrial fusion was not seen 
during atrial pacing, in Figures 2 and 4 ventricular fusion 
occurred when the ventricles were paced. The latter was 
attributed to the moment of deliverance (in the cycle) of the 
stimuli which, in tum, made it possible for collision to occur 
within the parts of the ventricles that were an essential 
component of the reentrant circuit. 
Entrainment was considered to have been present be-
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cause: 1) the cycle length of all electrograms equaled the 
paced cycle length; 2) as previously mentioned, ventricular 
fusion beats were present; 3) there was increasing fusion as 
the pacing rate became faster; 4) the last entrained beat 
occurred at the paced cycle length and showed no fusion; 
5) the tachycardia resumed on the abrupt cessation of pacing; 
and 6) the tachycardia terminated when block occurred within 
the AV pathway used to reach the chamber (atrium) distal 
to the chamber (ventricle) being paced (1,3,11,13,26). 
Interestingly, Okumura et al. (25) considered that right 
ventricular pacing, initiated during the usual type of ortho•
dromic circus movement tachycardia, transiently entrained 
the tachycardia, but they never demonstrated any entrain•
ment criteria because the antidromic wave front from the 
pacing impulse was always blocked in the A V node. This 
discrepancy with our findings may be explained by differ•
ences in the site or sites where collision took place. In fact, 
in another report (26) dealing with the effects of overdrive 
ventricular stimulation on the same arrhythmia studied by 
Okumura et al. (25), we discussed what happened when the 
A V node was penetrated retrogradely and anterogradely, 
simultaneously or sequentially. We noted (26) how it was 
not possible to determine if the effects of this' 'bi-penetra•
tion" made it feasible (on cessation of pacing) for the sub•
sequent anterograde impulse to traverse the A V node. That 
is, A V nodal "bi-penetration" could, according to the pac•
ing rates and A V nodal refractoriness, lead to entrainment 
(resumption of tachycardia on cessation of pacing) as well 
as to conceptual tachycardia termination (inability of the 
arrhythmia to reappear when stimulation was stopped 
abruptly). 
Clinical implications. This study highlights matters of 
practical importance when understanding what happens when 
atrial and ventricular stimulation are performed during cir•
cus movement tachycardia using an accessory pathway with 
long ventriculoatrial conduction times. First, the classical 
criteria for entrainment during ventricular pacing can be 
applied, provided that stimuli are delivered at the precise 
moment of the cycle and at a rate appropriate to produce 
fusion and collision at the ventricular level. Second, en•
trainment (by defining a range of cycle lengths faster than 
those of the tachycardias which are followed by resumption 
of the latter on the cessation of pacing) indicates that faster 
rates were required to conceptually terminate the arrhyth•
mia. Finally, the latter occurred in the (A V) component of 
the circuit where collision did not occur, namely, the ac•
cessory pathway when the ventricles were paced and the 
normal pathway when the atria were stimulated. 
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